Abstract. The results from photometric lightcurve observations of nine M-type asteroids are presented. New rotation periods were determined for 6 asteroids: 217 Eudora (12.54 h), 322 Phaeo (17.56 h), 572 Rebekka (5.65 h), 757 Portland (6.58 h), 857 Glasenappia (8.23 h) and 872 Holda (7.20 h). B − V colour measurements of seventeen previously unclassified asteroids add seven asteroids to the known M-type population.
Introduction
The present paper is a continuation of our study of Mtype asteroids . The purpose is to enlarge the data set of rotation periods of asteroids of taxonomic type M. Previous studies of the spin rates of M-type asteroids have shown, with varying statistical significance, that on average M-type asteroids have faster spin than asteroids of other taxonomic types (Harris & Burns 1979; Dermott & Murray 1982; Lagerkvist 1983; Lagerkvist et al. 1985; Binzel et al. 1989; .
There are two main problems in analysing the distribution of spin rates for M-type objects. One is the small Send offprint requests to: C.-I. Lagerkvist Partly based on observations collected at the European Southern Observatory, La Silla, Chile.
number of M-type asteroids with known rotation periods. In this paper we present observations of nine M-type asteroids, resulting in new determinations of spin rates for six of these. This gives an increase of more than 15% of the known spin rates of asteroids of taxonomic type M. In order to increase the known population of M-type asteroids we have determined B − V colour indices for 17 asteroids with moderate albedos. The second problem is the inconsistent classification of some asteroids between different taxonomies. Below we discuss the reliability of the classification for some peculiar objects.
Observations and results

Photometry
The photometric observations were made in [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] at four different sites within the frame of a joint observational program. We used the following telescopes: 0.6 m Swedish telescope at La Palma (LP), Canary Islands, 61 cm Bochum, 50-cm and 1 m ESO telescopes at ESO, La Silla, Chile and the 70-cm telescope of Astronomical Observatory of Kharkiv State University (KhAO). The observations at KhAO and with the Bochum telescope were CCD observations, otherwise conventional photoelectric photometry was used. All the photometric reductions were made with standard methods. The data are corrected for light-time. Table 1 contains the aspect data of the observed asteroids and references to the used telescopes. The obtained rotation periods and amplitudes are given in Table 2 . The errors in the rotation periods are indicated by the number of decimals given. The amplitude errors are normally of a few hundreds of a magnitude. Figures 1-11 present the composite lightcurves of individual asteroids. Below we discuss each asteroid in more detail. Dotto et al. (1992) agree with this period but they do not cover a whole rotation cycle. The extensive observational run undertaken by Lagerkvist et al. (1995) confirmed the slow rotation (35.0 hours) of 97 Klotho. Our observations during three apparitions also give a long rotation period. The observations in 1995, made during March-May, gave us a possibility to define a more precise value of the rotation period. A period of 35.15 hours is the best solution from our observations ( Fig. 1 ). All previously obtained data of 97 Klotho agree well with this rotation period.
Eudora:
This asteroid was classified to be of type M by Belskaya et al. (1991) based on its colour indices and the value of the asteroid in the list of possible M-type objects. From our observations during three nights we estimate a rotation period of 12.54 hours (Fig. 2) as the most probable one assuming a standard lightcurve with two pairs of extrema. Unfortunately, the obtained data do not give a possibility to determine the rotation period uniquely.
Phaeo:
Harris & Young (1983) observed 322 Phaeo but only during a short interval of time. They found only minor changes of the magnitude and concluded that the rotation period was long. Our observations during four nights gave an amplitude of about 0.2 mag and an unambiguous rotation period of 17.56 hours (Fig. 3 ).
Devosa:
This asteroid has previously been observed during eight apparitions (see Lagerkvist et al. 1996, for detailed references) . Lightcurves of 337 Devosa show an asymmetrical shape with three pairs of extrema. We observed 337 Devosa in September 1995 during more than a complete rotational cycle in the B and V bands. The lightcurve 558 Carmen:
The asteroid 558 Carmen was previously observed during three apparitions by Harris & Young (1979 and Harris et al. (1992) who estimated the period to 10 hours. Our observations during two nights agree with this period (Fig. 5 ).
572 Rebekka: Our observations during three nights give a rotation period of 5.65 hours. The composite lightcurve is quite normal with two pairs of extrema and the lightcurve amplitude is 0.3 mag (Fig. 6 ).
757 Portlandia: From our observations during five nights we determined an unambiguous rotation period of 6.58 hours. The lightcurve is irregular and its shape changed noticebly as the phase angle decreased (Figs. 7 and 8 ). 
Colour indices of selected asteroids
In order to increase the sample of known M-type asteroids we observed 17 previously unclassified asteroids for which good-quality IRAS albedos were known. For our purpose we chose asteroids with moderate albedo which are wellseparated into the taxonomic types S, M, A and V according to their B − V colour index ).
The observations were carried out in the standard B and V bands using the 1-m telescope at ESO, Chile in 1993 and the 61cm Bochum telescope at ESO during 1994. During each night a set of standard stars were carefully observed. Table 3 gives the asteroid number and name, the measured magnitude in the V band, the B − V colour index, albedo and diameter according to IRAS data (Tedesco et al. 1992) In the last column we give our classification of these asteroids. Seven asteroids have B − V colours within the range of the M-type population, eight asteroids with the S-type and one asteroid have a B − V colour at the border of the M and S type populations. The asteroid 1562 Gondolatch is characterized by an extremely large B − V = 1.04 mag which indicates that it is of type A. At size ranges larger than 50 km the ratio between S and M-type asteroids is close to three . However, in our sample, which is mainly composed of objects smaller than 50 km, this ratio is two. We do not want to draw too firm conclusions from the statistics with small numbers but there is a possibility that for smaller asteroids the proportion of M type asteroids is higher than for larger objects. 
Discussion
Slowly spinning M asteroids
A list of M-type asteroids consisting of 60 objects was given by . It included all asteroids which were classified as M at least in one of the available taxonomic systems. At present rotation periods are known for 49 asteroids in this list. All classified asteroids with diameters larger than 50 km have their rotation rates determined. However, there are still some unclassified objects in this size range. The statistics is practically complete for M-asteroids with diameters larger than 70 km . The rotation periods versus diameters are shown in Fig. 12 for M-type asteroids. There are six asteroids having a rotation period longer than 15 hours (black dots). The other three black dots in the figure represents asteroids with colour indices or albedos differing from typical Mtype values.
How typical are the classification parameters for these asteroids? To answer this question we have plotted in Fig. 13 U − B and B − V colour indices versus albedo for the known M-type asteroids. These parameters are critical for distinguishing M-type objects from others. One can see that many slow rotators have albedos and (or) colour indices different from the typical values for the M-type asteroids. Also the asteroids 359, 785 and 798 have classification parameters that are non-typical for asteroids of type M. Below we give more detailed comments on the six M-type asteroids with long rotation periods. 92 Undina was first classified as C by because of a small value of the minimum polarization (0.77%) and a large U − B colour compared to other M-type objects. Tholen (1989) classified it as X while the u − v colour index of the asteroid differed too much from typical values. Barucci et al. (1987) and Tedesco et al. (1989) classified it as M. Jones et al. (1990) and later Rivkin et al. (1995) found the 3 µm absorption band in spectra which indicate the presence of hydrated minerals on the asteroids surface and is therefore inconsistent with a metallic composition.
97 Klotho has quite typical classification parameters compared with the whole population of M-type asteroids. Radar observations of 97 Klotho failed to show any evidence of a metallic surface composition (Ostro et al. 1985) . Thus, 97 Klotho should not be considered as a metal-rich body.
224 Oceana was classified as M based on its colours U − B = 0.20 mag and B − V = 0.75 mag . Both colours are at the border for the M-type population (see Fig. 13 ). Additional data are needed to check the classification.
322 Phaeo was classified as X by Tholen (1989) and as M by Barucci et al. (1987) and Tedesco et al. (1989) based on its IRAS albedo of 0.088 (Tedesco et al. 1992 ). The albedo is one of the lowest among the M-type population.
On the other hand the value of the v − z colour (Zellner et al. 1985) is the highest among the EMP classes.
498 Tokio was classified as U because of the large U −B = 0.42 mag . Later it was classified as M by Tholen (1989) and as D3 by Barucci et al. (1987) . Fitzsimmons et al. (1994) determined a spectral slope S = 8.8% which is quite typical for asteroids of taxonomic type D . Since 498 Tokyo has an albedo of only 0.07 (Tedesco et al. 1992) we conclude that the correct taxonomic type for this asteroid must be D.
1210 Morosovia was classified as SM by Bowell et al. (1979) because of the large B − V = 0.83 mag which is closer to the mean value for the S-type population (0.86 mag) than to the mean value of B − V (0.70 mag) for the M-type asteroids . Tholen (1989) classified the asteroid as MU since the ECAS data were noisy. The asteroid 1210 Morosovia is a member of the Eos family. Most probably it is of taxonomic type S since all other classified asteroids in the Eos family are of this taxonomic type (Tholen 1984) . The main conclusion of the discussion above is that these six asteroids cannot be considered to be members of the M-type population.
Spin rates of asteroids of different taxonomic types
The increase of the data set of M-type asteroids with known rotation periods, and the exclusion of six asteroids previously considered to be belonging to the M-type population, justifies a new comparison of the spin rates between the M, S and C asteroiods.
For comparison we chose asteroids with diameters larger than 70 km for which the statistics is almost complete for M-type asteroids. Considered asteroids of C-and S-type have semi-major axes between 2.3 and 3.2 AU which is the same range as for M-asteroids. However, asteroids of taxonomic types C and S are not completely sampled down to this diameter regarding rotation periods. In practice this means that available rotational data for C and S asteroids down to this diameter is overrepresented by asteroids with short rotation periods.
In Fig. 14 we present the histograms for the rotation periods of the M, S and C type asteroids. The individual M asteroids shown above being untypical M asteroids have been excluded. It is clearly evident that M type asteroids in general spin faster than asteroids of type C and S. Considering the bias in the C and S population, favouring short periods, this difference is even greater than seen in Fig. 14. The distribution of the spin rates of M type asteroids is also much flatter than for the other types. This is also verified by a Kolmogorov-Smirnov test (e.g. Press et al. 1989) . The result of the test shows that the spin rate distribution for M-type asteroids is completely different from those of S-and C-type asteroids, while the later two types have large similarities of the observed spin rate distributions.
Conclusions
Most of the slow rotators found among the M-type asteroids have one or more of the classification parameters differing from the typical ones for the M-type population. For others radar observations, or spectra in the near infrared, show that they do not have the properties representative for the M-type population. The slow rotators dicussed above should therefore probably not be classified as type M. The enlarged data of spin rates of M-type asteroids confirms and strengthens the conclusion that asteroids of taxonomic type M spin faster than those of similar sizes of types S and C.
